One hundred and seventy-four rats received a standardized 0.4-ml injection into the left infraorbital nerve and all solutions contained lignocaine O.25gdl"'. In groups 1-4, the solutions were isoosmotic and contained, besides sodium chloride, potassium chloride 0 or 4 mmol litre"' and glucose 0 or 20 mmol litre"' (0 or 360gdl" 1 ). For groups 5-8, the solutions were hypoosmotic, containing sodium chloride to 0.6 of normal tonicity, but were otherwise identical to solutions 1-4. Presence and duration of sensory block were determined from the reflex sublingual electromyographic response to periodic homolateral and contralateral electrical stimulation of the upper lip. In groups 1-4, the presence of potassium chloride 4 mmol litre" 
Systemic toxic reactions to local anaesthetic agents continue to be an important complication of several techniques of regional anaesthesia. Toxic reactions can occur either as a result of the use of a large dose of local anaesthetic and subsequent systemic absorption, or as a result of intravascular injection. It is known that impulse conduction in peripheral nerves can be reversibly inhibited by modifying extracellular factors such as the potassium concentration (Huxley and Stampfli, 1951), the glucose concentration (Fink and Calkins, 1981) and ambient osmolarity in vitro. The present study investigated these factors in an animal model to determine their potential value in clinical practice.
MATERIALS AND METHODS
One hundred and seventy-four Sprague-Dawley male rats, weighing 500-600g were studied. The animals were fed Purina Rat Chow and tap water ad libitum. They had been lightly anaesthetized with pentobarbitone 30mgkg~' i.p. A standardized injection of the maxilliary nerve at the left infraorbital foramen was performed (Fink et al., 1975) ; the contralateral side served as a control. The injections were given double-blind with eight coded solutions (table I) 
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stimulation of the upper lip on the injected and control sides and the reflex electromyographic response of the sublingual muscles ( fig. 1 ). The electrical stimulation consisted of 100-mV, 6-ms squarewave pulse trains produced by a Grass S44 stimulator. The stimulation was delivered through bipolar electrodes (two 25-gauge needles, 3 mm apart). The electromyographic response from muscles of the sublingual area was recorded and displayed on a Tektronix 532 cathode-ray oscilloscope and photographed with a Polaroid camera. Absence or depression of electromyographic response by 50% or more unilaterally on the injected side was interpreted as blockade. To verify that the injections were made in the correct position in the inf raorbital foramen, all the animals at the end of the experiment received a control injection of a known solution-0.2 ml of 1% lignocaine. This was done to ascertain whether 1 % lignocaine, applied at the site of injection, produced a block of standard duration (96 ± 18 min) (Fink et al., 1975) . Animals in which the block with 1% lignocaine lasted less than 60 min were excluded from the study. Statistical significance of the group differences was evaluated by Scheffe's test for multiple observations (Brownlee, 1965) .
RESULTS
In group 1, regarded as the control group (« = 28), in which the animals received an isoosmotic solution of lignocaine + sodium chloride, with no added potassium or glucose, duration of anaesthesia aver- 2) . In group 2, in which the isoosmotic solution contained in addition glucose 20 mmol litre" 1 (SfiOmgdl" 1 ), the mean duration of block was 29±14min. The presence-of potassium chloride 4mmollitre~1 in the isoosmotic solution, without or with glucose (solutions 3 and 4) yielded mean durations of block of 50 ± 22 min and 57±27min.
The results with hypopsmotic solutions, taken in the same sequence (solutions 5-8), showed mean block durations of 51 ±17, 52±17, 56±12 and 49 ± 12 min, respectively. The differences between results with solution 1 and each of the other solutions except solution 2 were all significant (P<0.001); the difference with solution 2 was less significant (P < 0.0 5).
DISCUSSION
The lignocaine concentration used (0.25 gdl" 1 ) was selected after preliminary experiments demonstrated that this concentration produced a convenient duration of blockade relative to the duration of moderate reflex obtundation obtainable with one i.p. injection of pentobarbitone (30mgkg"'). In isoosmotic and hypoosmotic solutions, the presence of potassium chloride 4 mmol litre" 1 (groups 3, 4,7, 8) approximately doubled the duration of blockade. The idea of including potassium chloride with local anaesthetic to increase the extracellular potassium concentration and depolarize the membrane has been tried by several authors (Bromage and Burfoot, 1966; Aldrete et al., 1969) . Aldrete and colleagues (1969) demonstrated that inclusion of potassium chloride 180 mmol litre" 1 prolonged the duration of peripheral nerve block using 2% lignocaine solution. Bromage and Burfoot (1966) used potassium chloride 120 mmol litre" 1 in conjunction with 2% lignocaine in clinical extradural anaesthesia and observed a prolongation of block. However, there was an untoward reaction, notably a convulsion, following inadvertent perforation of the spinal dura and injection of a large concentration of potassium.
The risk of convulsion and cardiac arrhythmia prevented further clinical trials of local anaesthetic solutions containing a high concentration of potassium. In the present study on animals, we used a safe, physiological concentration of potassium chloride tested successfully in vitro on a previous occasion (Fink and Calkins, 1981) . The effectiveness of the physiological concentration can be understood in the light of the Nernst equation, according to which successive equal increments in the extracellular potassium concentration will have a geometrically decreasing effect on the membrane potential.
The presence or absence of glucose 20 mmol litre" 1 in the anaesthetic solution did not seem to influence the duration of block. Hypoosmolarity of the solution in the absence of potassium chloride also prolonged the period of block (groups 5 and 6); however, there was no additional prolongation with the inclusion of potassium chloride (groups 7 and 8). Presumably, absorption or equilibration of the injected solution prevented cumulative prolongation of the adjuvant effects. Previous experiments have shown that ambient hypoosmolarity depresses nerve excitability, even in the absence of local anaesthetic and it has been suggested that this effect may contribute to the effectiveness of hypobaric spinal anaesthesia . Peripheral nerves are known to withstand this treatment in vivo without harm (Barsa et al., 1982) .
CONCLUSIONS
The presence of a physiological concentration of potassium doubled the duration of blockade produced by a solution of lignocaine in plain isotonic sodium chloride. Hypoosmolarity of the solution conferred no additional advantage. One may suggest that inclusion of potassium chloride 4 mmol litre" 1 in isotonic commercial solutions of local anaesthetic might decrease the amount of lignocaine required for a nerve block and constitute a safety measure that deserves a clinical trial. A ciento setenta y cuatro ratas se les administn5 una inyecck)n normalizada de 0,4 ml en el nervio infraorbital izquierdo, conteniendo todas las soluciones 0,25 gdl" 1 de lignocaina. Para los grupos 1 a 4, las soluciones fueron isoosmdticas y contcnian, ademis de cloruro sodico, cloruro potasico 0 6 4 mmol litro ' y glucosa0 6 20mmollitro~1(0 6 360gdl~1). Para lot grupos 5 a 8, lat soluciones fueron hipoosmtiticas, conteniendo cloruro sddico con una toxicidad del 0,6 de lo normal, pero fueron id£nticas a las soluciones de los grupos 1 a 4 en todo lo demas. La presencia y duracidn del bloqueo sensorial se detenninaron de la respuesta electromigrtiiica del reflejo sublingual ante la estimulad6n electrica y pehddica contralateral y homolateral del labio superior. La presencia de 4 mmol litro ', aproximadamente, de cloruro potasico prolong6 al doble la duracion del bloqueo (P< 0,001). Los grupos 5 a 8 mostraron tambien que la hipoosmolarity tambien dobld el periodo de duracion del bloqueo (P< 0,001), pero la hipoosmolarity y el cloruro potasico no presentaron efectos aditivos. Sc concluye que la incorporacion de 4 mmol litre" 1 de cloruro potasico a las soluciones Uotdnicas de lignocaina posiblemente realzaii IU efectividad dinka.
